This paper gives an attempt in determining an appropriate production batch size by using simulation method. The case study of this paper is an industry producing hard disk drives in Thailand. The scope of the production process considered in this paper is in the backend area of the production process of hard disk drives. Three main customers are considered. Each customer requires different sample size in an inspection process and the sample size affects bath size. Therefore, this paper needs to consider each customer separately and tries to determine an appropriate batch size for each customer. First, data collection of the process and its details are given. The as-is simulation model is constructed. Outputs, production lead time, work in process and machine utilization are used to verified the as-is model. The statistical method is used to compare between those in the real system and those based on the model. Further three levels of batch sizes are analyzed by using the simulation model. It is found that each customer type requires different batch size.
Introduction
In many manufacturing systems, production batch sizes needs to be dependent on the raw material batch size and customer batch size. Hence, there are many methods in the concept of batch size determination. Eilon [1] gave an attempt to determine an economic batch size for multi-product scheduling. Karmarkar [2] developed a model in determining appropriate batch size in the situation of multi-item multi-machine job shops and Karmarkar et al. [3] applied the determination of batch size to manufacturing cell. Kirca [4] presented an efficient algorithm for the capacitated single item dynamic batch size problem. Sarkar and Khan [5] and Sarker and Parija [6] [7] developed a variety of models for this system under continuous supply and a constant rate of demand. Recently, Ben-Daya [8] presented an economic production batch size problem with imperfect production processes and imperfect maintenance. Wee and Chung [9] gave a note on the economic batch size of the integrated vendor-buyer inventory system derived without derivative and Chiu gave a short communication of production batch size problem with failure in repair and backlogging derived without derivatives.
The case study of this paper is also in that case. However, this paper uses a simulation program as a tool to solve and determine an appropriate batch size. The desirable conditions in any production systems include high outputs per period of time, short production lead time, low work-in-process, and high machine or man utilization. These conditions are also required in the case study. Therefore, these conditions are measurements used to compare between the present situation and the proposed one.
Based on the study, there are three main customers, A, B, and C. Each customer requires different sample sizes in an inspection process. Therefore, those three types of customers are considered separately in the simulation model.
The study starts with data collection. The data are analyzed by using the statistical concept. The model called as-is model is construct. The verification of the as-is model is given. As stated before, the measurements of the model include outputs, production lead time, work-in-process, and machine utilization. Since the model is certain being as the real production system, the changes of batch sizes are given. Three levels of batch sizes are analyzed for each type of customers. The analyses based on the simulation method are presented. Finally, conclusions of an appropriate batch size for each type of customers are provided.
The Production Process
The case study is a hard disk drive industry in Thailand. The whole process can be divided into two parts: clean room and backend area as shown in Figure 1 . This paper scopes the study and analysis to the backend area only. Moreover, only the main product of 2.5 inch model is considered.
Based on Figure 1 , in the FQA sampling, the sample size depends on customer type. There are three types of customers A, B, and C. Customer A requires the sample size as 1260 pieces where customers B and C require 360 and 180 pieces respectively. In the present situation, batch sizes of customers A, B, and C are 2400, 2400, and 1600 pieces, respectively. 
The AS-IS Model
After collecting details of the production process, an as-is model is constructed by using ARENA program. Input analyzer is used to analyze the data. The process data are shown in Table 1 . Further the model of each station is generated. The whole AS-IS model is shown in Figure 2 . Table 1 The production time and its distribution in each station Figure 2 The whole AS-IS model This model is a non-terminating system since the production runs 24 hours per day. Therefore, the warm up period is required to be cut off. First the model is run by only 1 replication and 30 days (720 hours) time range. A graph of average production time is shown in Figure 3 and it is found that the warm up period, which should be cut off, is 200 hours. Moreover, to verify the model, the comparison of outputs between the model and the real system is given. Using MINITAB to analyze the comparison, the result shows in Figure 4 . Based on the collected data, the average output is 3137.8 pieces per day and its standard deviation is 442.5. The result showed in Figure 4 can be concluded that the output obtaining from the model is not statistically different to that of the real system. In other words, The AS-IS model is equivalent to the real production system.
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Batch Size Determination
For each type of customers, three levels of batch sizes are used and compared by using outputs, production lead time, work-in-process, and machine utilization. For customer A, batch sizes of 1600, 2400, and 3200 pieces are considered. For customers B, 1600, 2400 and 3200 pieces are considered and for customer C, 800, 1600, and 2400 pieces are considered. The result shows in Table 2 . It can be seen that surely for customer A, 1600 pieces becomes the most appropriate batch size since it gives the highest outputs, lowest lead time and work-in-process. For customer B, it can be seen that batch size of 3200 pieces gives the highest outputs but batch size of 1600 gives the lowest lead time and work-in-process. Similar to customer C, batch size of 2400 pieces give the highest outputs whereas batch size of 800 pieces gives the lowest lead time and work-in-process. Based on interviewing the production manager of the case study, the case study emphasizes the outputs of the system. Therefore, appropriate batch sizes for customers B and C are 3200 and 2400 pieces respectively. Further, the outputs increased by using the appropriate batch size for customers A, B, and C are 2.42, 2.35, and 5.21 percents. The production lead time for customer A is decreased by 7.91 percent whereas those of customers B and C are increased by 6.98 and 7.26 percents. Similarly, work-in-process value of customer A is decreased by 5.20 percent whereas those of customers B and C are increased by 10.19 and 13.82 percents. Finally, utilizations of all customers are increased.
Summary
This paper presents the use of simulation method to determine an appropriate batch size for each customer types. By using the appropriate batch sizes, the outputs are increased by 2.42, 2.35, and 5.21 percents for customers A, B, and C, respectively. Therefore, it can be concluded that the simulation method can be used to find an appropriate batch size without any changes to the real system.
